The leukocyte adhesion molecule DNAM-1 (CD226) is a member of the immunoglobulin superfamily and constitutively expressed on the majority of CD4+ and CD8+ T lymphocytes, natural killer (NK) cells, monocytes/macrophages and a subset of B lymphocytes. The poliovirus receptor (PVR; CD155) and its family member nectin 2 (CD112) have recently been identified as the ligands for DNAM-1.
Introduction
DNAM-1 (CD226) is an adhesion molecule that is a member of immunoglobulin superfamily containing two Ig-like domains of the V-set and is encoded by a gene on human chromosome 18q22.3 [1, 2] . DNAM-1 is a ~65 kDa glycoprotein expressed on the majority of NK cells, T cells, monocytes and platelets and a subset of B lymphocytes [2] [3] [4] [5] . The monoclonal antibody (mAb) against DNAM-1 inhibited antigen-specific CTL-and NK cell-mediated cytolysis of some, but not all, tumor targets in vitro, suggesting that DNAM-1 is involved in cytotoxicity against certain tumor cells expressing the DNAM-1 ligand. We and others have recently identified the poliovirus receptor (PVR) CD155 and its family member CD112 (PVR-related family-2 (PRR-2), also called as nectin-2) as the ligands for human DNAM-1 [6, 7] .
Interaction of DNAM-1 with DNAM-1 ligands CD155 and CD112 induces intercellular adhesion, infiltration and cell signaling, resulting in a variety of cellular responses including innate and adaptive immunities in vitro [8] . Recently, gibbon and monkey homologues of DNAM-1 have been identified [9] . However, because murine DNAM-1 has not yet been identified, in vivo analysis of DNAM-1 function has been Tahara-Hanaoka et al 4 difficult to be performed.
In the present study, we identified the murine DNAM-1 and its ligands and investigated their molecular and functional characteristics.
Materials and Methods

Cells and mice
C57BL/6 mice were purchased from Charles River Japan and were bred and housed under specific pathogen-free conditions. B3Z, a murine CD8+ T cell 
Antibodies
Anti-mouse DNAM-1 (TX-42) mAb was generated in our laboratory by standard methods. Control rat and mouse IgGs, anti-mouse CD3, CD4, CD8, CD49b (DX5), CD45R (B220), CD11b (Mac1) and Ly6G (Gr-1) were purchased from BD Biosciences (San Jose, CA). Anti-human IgG was purchased from Tahara-Hanaoka et al 6
ImmunoTech (Marseille, France).
Expression of the Fc fusion protein
Mouse DNAM-1-Fc fusion protein was generated with chimeric cDNA of the entire extracellular domain of DNAM-1 with the human IgG1 Fc, as described [6] .
Establishment of RMA transfectants with DNAM-1 ligands
Mouse CD112α, CD112δ and CD155 cDNAs tagged with the flag at the N-terminus were subcloned into the retrovirus vector pMX, with cloning sites of Eco RI (5')/Sal I (3'), Eco RI (5')/Sal I (3'), and Eco RI (5')/Sal I (3'), respectively. RMA cells stably expressing Flag-tagged mock control, mouse CD112α, CD δ and CD155 were prepared by retroviral gene-transduction system using the Plat-E packaging cell line (provided from Toshio Kitamura, University of Tokyo, Japan).
Costimulation assay
1 x 10 5 of CD112δ, CD155 or mock-transduced RMA were pulsed with various doses of the OVA peptides (SIINFEKL) for 2 hours and co-cultured with 1 x 10 5 of B3Z CD8+ T cells whose TCR is specific to the OVA peptide for 24 hours in the presence of control Ig (10 ug/ml) or anti-mDNAM-1 mAb (10 ug/ml). The IL-2 production in the supernatant was determined by ELISA (eBioscience, San Diego, CA).
Results and Discussion
Identification of the murine CD226
To identify the mouse DNAM-1 (mDNAM-1), we searched a mouse genomic database and identified it on the chromosome 18, syntenic region of human chromosome 18q22.3 at which human DNAM-1 gene is located [1] . We amplified a 999-bp cDNA clone from a splenocyte cDNA library by PCR, using primers designed 
Identification of the murine CD155
We and others have recently reported that the human poliovirus receptor related (PRR) family members CD155 (poliovirus receptor; PVR) and CD112
(nectin-2/PRR-2) are the ligands for human DNAM-1 [6] [7] . While the CD112 gene was reported also in mouse [12, 13] , CD155 that was originally identified as a poliovirus receptor has been identified only in human [14] . Since mice are resistant to the poliovirus infection, the murine homologue of CD155 has not been believed to be present. However, we found in a database that the predicted aa sequence of Tage4 (also known to be Taa-1 (Tumor associated antigen-1)) showed 43%
homology with human CD155 and contained three immunoglobulin-like domains in the extracellular portion that are conserved in human CD155 [15, 16] . The Tage4 gene is located at mouse chromosome 7, syntenic region of human chromosome 19, at which human CD155 is located, suggesting that Tage4/TAA-1 may be the mouse homologue of CD155 (mCD155).
mDNAM-1 binds to mCD112 and mCD155
To examine whether mCD112 and mCD155 are functional ligands for mDNAM-1, we generated a soluble protein consisting of the extracellular domain of mDNAM-1 fused to the Fc portion of human IgG (mDNAM-1-Fc). We also established the RMA transfectants stably expressing mCD112α, mCD112δ or Tage4 . CD96 is expressed on activated T cells and NK cells [18] and mediates NK cell adhesion and triggering of effector function [17] . It is unclear at present whether the mouse homologue of CD96, though it has not yet been identified, also a receptor for mouse CD155.
Expression of mDNAM-1 and its ligands
We generated a mAb against mDNAM-1 and examined the expression of mDNAM-1 on splenocytes by flow cytometry. DNAM-1 was expressed on the majority of both splenic CD8+ and CD4+ T cells in mice (Fig 2A) , consistent with its expression pattern in human [1] . CD8+ T cells appeared to express higher amount 
